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ABSTRACT 
The McVille aquifer occupies a preglacial diversion 
trench in Upper Cretaceous shales. The trench is approxi­
mately JO miles long, 1/4 to J/4 miles wide, and crosses 
the southwestern half of the county in a southeasterly 
direction from T.152N., R.61w., to T.149N., R,58W. 
The aquifer materials are pleistocene glaciofluvial 
sands and gravel. Till, silt, and clay are also found in 
the trench and overlying the aquifer. 
Recharge is primarily through glacial outwash over­
lying the aquifer and occurs in the spring. Water is dis­
charged to Stump Lake, a large closed lake, and to the 
Sheyenne River. 
A generalized representation of the flow system shows 
that water entering the aquifer in the south-central part 
of the country flows in two directions; southeast toward 
Griggs County and northwest toward Ramsey County. 
The water is mostly of the calcium-bicarbonate type 
in the southeastern section of the aquifer with a range of 
273-935 mg/1 total dissolved solids. Water in the north­
western section is of the sodium-bicarbonate or sulfate 
type with a range of 1200-2400 mg/1 total dissolved solids. 
1 
INTRODUCTION 
Purpose and Scope 
The purpose of the study was to determine the geo­
hydrologic properties of the McVille aquifer. 
The report is based on data collected or compiled 
by the author. The data consists of test-hole logs, ob­
servation-well water-level measurements, chemical analyses 
of water, and reports of wells inventoried in or near the 
aquifer (tables 1-4, Downey, in press). 
Data was not sufficient to extend the study of the 
aquifer beyond Nelson County. 
Physiography and Climate 
The McVille aquifer is located in the southwestern 
portion of Nelson County (fig. 1) and is within the drain­
age system of the Red River of the North, which is part of 
the larger Hudson Bay system. Part of the area is drained 
by the Sheyenne River, a major tributary to the Red River; 
the other part is in the Stump Lake interior basin, a div­
ision of the Devils Lake interior basin. 
The area is characterized by gently rolling terrain 
(Drift-Prairie) with many small hills, sloughs, and depres­
sions. Glacial deposits cover the entire region except for 
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geographic features in the area are East and West Stump 
Lakes, the Sheyenne River, and the North Viking moraine. 
The area has a continental, semiarid climate. At 
McVille in 1968 the mean temperature was 39.4°F. and the 
total precipitation was 20.54 inches. The average date of 
the first freezing temperature in the fall is September 
18, and that of the last in the spring is May 22. 
Well Numbering System 
The wells and. testholes are numbered (fig. 2) accord­
ing to a system of land surveys of public lands by the U.S. 
Bureau of Land Management. The first numeral of the num­
bering system denotes the township north of a base line, 
the second numeral denotes the range west of the fifth 
principal meridian, and the third numeral denotes the sec­
tion in which the well is located. The letters A. B, C, 
and D, designate, respectively, the northeast, northwest, 
southwest and southeast quarter section, quarter-quarter 
section, and quarter-quarter-quarter section (10-acre 
tract). For example, well 150-57-15AAA is in the NEi NEi 
NE! section 15, T.150N., R57W. Consecutive terminal numer­
als are added if more than one well or test hole is located 
in a 10-acre tract. 
Test holes on certain figures and plates are sometimes 
designated by a four digit number. This is the North Dakota 
State Water Commission test hole sequential number. These 
numbers are listed with their appropriate land. survey numbers 




FIG. 2. SysteI!\ of numbering wells and test holes 
Previous Investigations 
First mention of the possibility of the occurrence 
of the buried trench and its deposits, herein called the 
McVille aquifer, was made by Upham (1895) page 170. He 
suggested that the lakes of the Devils Lake basin may be 
underlain by a buried river valley. 
Aronow (1955, 1957) studied the Pleistocene and re­
cent history of the Devils Lake region. 
Bluemle, of the North Dakota Geological Survey, has 
studied the geology of the area and will report it in Part 
I of 11 The Geology and Ground Water Resources of Nelson and 
Walsh Counties 11 • 
Downey, of the U.S. Geological Survey, has studied 
the hydrology of the area and has reported some of it in 
Hyd.rologic Investigations Atlas HA-428 and will report more 
in Parts II and III of "The Geology and Ground Water Re­
sources of Nelson and Walsh Counties". 
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GEOLOGIC SETTING OF THE MCVILLE AQUIFER 
For a detailed treatment of the geology of the re­
port area the reader is referred to Bluemle, (in prepara­
tion) • 
Upper Cretaceous Stratigraphy 
The Niobrara Formation and Pierre Shale of Late 
Cretaceous age underlie the Pleistocene deposits that form 
the McVille aquifer. 
The Niobrara Formation consists of a tan to yellow­
ish, calcareous, highly-jointed marine shale. It is over­
lain conformably by the Pierre Shale. 
The Pierre Shale consists of four members. The lower 
two members are black, bentonitic, and soft shales. The 
upper two members are tan to gray, silicious, hard, and 
sometimes highly-fractured marine shales. 
The Cretaceous rocks form the walls of the trench 
that contains the aquifer. The lower members of the Pierre 
Formation are most commonly found forming the trench walls. 
Pleistocene Stratigraphy 
Major Lithologies 
Glacial till is found in and adjacent to the aquifer. 
The till [Boulder-Clay facies of the Coleharbor Formation, 
Bluemle, (in preparation)] is a "mixture of sand, gravel, 
6 
and boulders in a silt-clay matrix", Bluemle, (in prepara­
tion). Samples of the till from northern Nelson County 
averaged about 5 percent gravel, JO percent sand, 40 per­
cent silt, and 25 percent clay, (Bluemle, in preparation). 
The till was deposited during several glacial events. 
Glaciofluvial deposits are the major constituents of 
the aquifer. The glaciofluvial deposits �and and Gravel 
facies of the Coleharbor Formation, (Bluemle, 1971)_]range 
in size from silty clay to gravel, but are predominantly a 
fine to medium sand. 
Glacial meltwater deposited these materials under 
several different depositional environments. 
Lacustrine deposits associated with Stump Lake over­
lie the McVille aquifer. These deposits consist mostly of 
silty clay. These materials are equivalent to the Silt and 
Clay facies of the Coleharbor Formation of Bluemle, (1971). 
River alluvium [Sand and Silt facies of the Walsh 
Formation, Bluemle, (1971).Jis also found overlying the 
aquifer. This alluvium was deposited by the Sheyenne River 
and consists mostly of silt. 
Lithologic Relationships 
Test drilling indicates that the trench, shown by 
the bedrock topography map (fig. J), containing the McVille 
aquifer is narrow, steep-sided, and flat-bottomed. A 
southwesterly gradient is suggested for the trench. The 
trench floor ranges in elevation from 1248 feet (above 
mean sea level) at the Ramsey County line to 1158 feet at 
7 
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Fig. 3. Bedrock topography o:tJ Nelson Co�nty 
the Griggs County line. However, the lowest elevation 
for the trench floor (1157 feet at well number 150-60-150 
DAA) occurs approximately half way between the county 
lines. Cross sections on either side of this test hole 
encounter the trench floor at higher elevations (fig. 4 & 
5). This data suggests the possibility of a narrower 
trench incised within the larger trench. Plate 3 shows a 
stratigraphic section down the axis of the aquifer. The 
trench floor is shown as being very irregular because some 
test holes are not in the middle of the trench, some walls 
may be on the walls of the trench giving an elevation 
higher than the trench floor. 
The generalized lithologic relationships within the 
McVille aquifer are shown in figures 4 & 5 and by plate J. 
These illustrations show only general trends that could be 
interpreted from the data available. 
There is much more till in the trench in the section 
of the aquifer from Stump Lake northwest. Ice may have 
occupied the northwestern region filling the trench with 
till, while the southeastern section was filled with 
glaciofluvial deposits. 
Test hole data as shown by plate 3 and figure 5 sug­
gest that ice and meltwater may have eroded a section of 
glaciofluvial deposits out of the trench in this area 
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Fig. 4. Cross section of t�e McVille aquifer at T .149N., R. 59W.: section 2 
Pleistocene Geologic History 
A definite age cannot be assigned to the cutting of 
the trench that now contains the McVille aquifer. Bluemle, 
(in preparation) says "apparently it was cut as a diversion 
trench sometime prior to Late Wisconsinan time. 11 Because 
of its gradient and orientation the trench does not appear 
to have been part of the preglacial drainage system of 
North Dakota. 
Wisconsinan Glacial History 
This section deals mainly with the superficial geol­
ogy and follows that of Bluemle, (in preparation). 
A glacier covering Nelson County receded to the cen­
tral area of the county (fig. 6a). Ice-marginal deposits 
(the North Viking end moraine) suggest that the glacier 
stabilized in this area. As the glacier occupied this posi­
tion meltwater flowed from the ice depositing extensive 
areas of sand and gravel which cover large parts of the 
southeast section of the aquifer. 
Continued wasting of the glacial ice resulted in a 
large area of thin stagnant ice in the north half of Nelson 
County (fig. 6b). It was at this time that proglacial 
Stump Lake was formed. Bluemle, (in preparation) says 
"this proglacial lake • • •  was fed by meltwater and local 
precipitation and has persisted to the present day, al­
though it has shrunk considerably in size. 11 
The results of the Wisconsinan glacial action can 
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surficial geology is, for the most part, a record of that 
event. 
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GEOHYDROLOGY OF THE MCVILLE AQUIFER 
Ground-water Movement 
Several factors control the movement of ground water 
in the McVille aquifer. The amount and type of aquifer 
material present is a very important factor. Ground Water 
flows most easily if a large amount of coarse material is 
present. By looking at plate 3 it can be seen that there 
is more coarse material in the southeast section of the 
aquifer. 
Lithologic differences within the aquifer also con­
trol ground-water movement. The most important lithologic 
contrast is between aquifer material and shale. The soft 
black shale of the lower members of the Pierre Shale have a 
very low permeability; approximately three orders of magni­
tude smaller than the sand and gravel of the aquifer. This 
boundary forms the hydrologic limits of the McVille aquifer. 
There are other significant changes in permeability. 
One such change takes place just south of Stump Lake. In 
this area there is change from highly permeable sand and 
gravel to poorly permeable till (plate 3). This situation 
also occurs to a lesser extent on the north side of Stump 
Lake. These changes cause an increase of fluid potential 
as evidenced by the flowing well located between the Stump 
Lakes (151-60-7 BDD). 
11 
In the area south of McVille there is a ground water 
gradient toward the Sheyenne River. 
The amount and location of recharge also effects 
ground-water movement. Recharge to the McVille aquifer is 
from direct precipitation, snowmelt in the spring, and pos­
sibly water infiltrating from streams and sloughs. Re­
charge is controlled by the permeability of the materials 
over the aquifer, amount of precipitation, evapotranspira­
tion, and the conditions of snowmelt. 
Evaporation and transpiration limit the amount of 
precipitation that is available for recharge. Conditions 
of snowmelt control how much of the winter moisture stored 
in the form of snow and ice will be available for recharge. 
These factors and their relationships are shown in 
fig. 7. January and February are months of snow accumula­
tion. During March snow starts to melt, the soil becomes 
saturated, evapotranspiration begins, and recharge starts. 
In April recharge slows as evapotranspiration exceeds pre­
cipitation. At that time soil moisture begins to be lost 
to evapotranspiration. This process continues until late 
September or mid October when precipitation begins to ex­
ceed evapotranspiration. At this time part of the moisture 
deficit in the soil is replenished. In early or mid Novem­
ber the winter process of snow and ice accumulation begins 
again. 
The permeability of materials overlying the aquifer 
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Fig. 7. The woter balance at McVille� North Da�ota 
areas of the aquifer overlain by glacial outwash (plate 2) 
recharge will take place most easily. Recharge also occurs 
in areas of the aquifer overlain by till, but it occurs 
much more slowly. 
The amount and location of two major areas of dis­
charge also control ground-water movement. The aquifer 
loses water to Stump Lake through springs near the south 
end of East Stump Lake. Water is also lost through the 
till and lake sediment that separate the aquifer from Stump 
Lake. Under Stump Lake, water in the aquifer has a high 
fluid potential. This can be observed by noting the water­
level in well 151-60-?BDD. The second major area of dis­
charge occurs in the extreme southern end of the aquifer. 
William Harkness, of the U.S. Geological Survey, observed 
an increase of flow of greater than 1000 gallons per min­
ute in the Sheyenne River near where the trench containing 
the McVille aquifer and the Sheyenne River coincide ("oral 
communication 11 ). 
The aquifer also loses water to phreatophytes (in 
the area just south of McVille. In this region the water 
table is very close to the land surface and willows and 
small shrubs are abundant. 
In June of 1970 the water level in the aquifer was 
observed to respond to summer thunder storms and showed a 
diurnal fluctuation of water levels in response to evapo­
transpiration. This observation was made by R. W. Schmid 
of the North Dakota State Water Commission. The 
13 
observation was based on water�level observations in a well 
south of McVille that was being observed during an aquifer 
test performed on the McVille aquifer. In this region the 
water table is close to the land surface and the surficial 
material is outwash sands. 
Flow System 
A detailed flow-net of the McVille aquifer could not 
be developed from available data. However, a generalized 
representation of the flow system can be shown (plate J). 
This system·was interpreted from observing the chemical 
characteristics of water in the aquifer, the areas of dis­
charge, and the lithologic characteristics of the aquifer. 
The water types are assumed to follow a sequence 
similar to that of Cheboterev (1955). The water at the be­
ginning of a flow path is generally calcium or sodium bi­
carbonate water, while that near the end of a flow path is 
sodium sulfate or chloride water (see table 1). This se­
quence is the result of preferential solution and precipi­
tation along a flow path. 
Chemical Quality of Water 
The chemical quality of the water in the McVille 
aquifer makes it very desirable for domestic use. It is 
much lower in dissolved solids than the water from the 
Pierre Shale, a major aquifer in most areas of Nelson 
County not underlain by the McVille aquifer. 
The water in the McVille aquifer ranges from 273 to 
14 
•
935 milligrams per liter (mg/1) total dissolved solids 
southeast from Stump Lake. North and west from Stump Lake 
the values range from 1200 to 2400 mg/1. 
The values are higher in the northwest region of the 
aquifer because the water comes from points that are 
further from the beginning of the flow path. 
Chemical analysis of the water from wells in the 
aquifer are given in table 4 of Downey (in press). 
15 
CONCLUSIONS 
The McVille aquifer in Nelson County is composed 
mostly of sand and gravel and occupies a diversion trench 
cut into the Upper Cretaceous Pierre Shale and Niobrara 
Formation. The materials that make up the aquifer are of 
Pleistocene age, and consist mostly of glaciofluvial sedi­
ments. 
Recharge to the aquifer is mostly through outwash 
sand that overlies the aquifer. The aquifer losses water 
to the Sheyenne River in southern Nelson County and to 
Stump Lake. 
Water levels in the wells in the McVille aquifer 
fluctuate mainly because of changes in natural recharge 
and discharge with the major period of rise coinciding with 
snowmelt in the spring. 
Ground water in the McVille aquifer flows in two dir­
ections from its major recharge area (south-central Nelson 
County). Part of the ground water flows south, and either 
discharges into the Sheyenne River or flows in a continua­
tion of the aquifer in Griggs County. The rest of the 
ground water flows northwest and discharges into Stump 
Lake or possibly leaves the county in a continuation of 
the aquifer in Ramsey County. 
Ground water in the McVille aquifer is generally of 
16 
the calcium bicarbonate type and is low in dissolved 
solids compared to typical water from the Pierre Shale. 
It is suggested that the McVille aquifer could be 
mapped some distance into Griggs County by following the 
Sheyenne River as it coincides with the trench. If the 
River were to leave the trench, the normal Pierre Shale 
slopes observed along one edge of the Sheyenne River Val­
ley would be absent in manner similar to the place where 
the river coincides with the trench. (Tl49N-R59W-sec.ll 
on the geologic map). 
The aquifer is believed to underlie the Devils Lake 
chain of lakes in Ramsey County. 
17 
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Source: Downey, J. s., 1970, 11 written communication 11 • 
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